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Viable cells have been isolated, by enzyme digestion, 
from mouse preputial glands and have been separated, 
by isopycnic centrifugation, into populations of different 
buoyant densities. The separated cells have been evalu-
ated by morphological and biochemical criteria to assess 
the success of the separation procedure in terms of the 
stage of differentiation of each cell population. Use of 
Ficoll as gradient medium for the isopycnic centrifuga-
tion proved unsuccessful, but good separations were 
obtained when Metrizamide was used. The separated 
cells from the Metrizamide gradient were shown to be in 
different stages of differentiation. Techniques are de-
scribed for the special handling of these cells as well as 
suitable assay procedures. Some of the properties of the 
separated cells are described. 
Our preceding paper [1] described cell separation methods 
developed for the study of sebaceous gland differentiation using 
the mouse preputial gland tumor (ESR 586) as the selected 
tissue. A few studies with normal preputial gland were included 
to indicate the feasibility of this approach as applied to nontu-
mor tissue, but this was not fully explored. The present study 
describes the application of this approach to normal preputial 
gland tissue and the techniques which have been developed for 
the special handling of this tissue. 
MATERIALS AND METHODS 
Animals and Tissues 
Glands were obtained from mature male C57BL/6J mice as previ-
ously described [1) and immediately placed in ice-cold Hank's solution. 
Tissue Disaggregation 
This was performed essentially as previously described [1) but with 
the following modifications. In order to expose the maximum amount 
of the inside of the gland to the digestive enzymes, a horizontal gash 
was c ut in the side of the gland, without cutting it in two, and the gland 
opened up in the same way fish (herring, etc.) are opened up for 
smoking. A device was constructed to facilitate this procedure which 
consisted of a stainless steel razor blade mounted in a slot 1.5 mm wide, 
':4' ' d eep and 2" long, with the cutting edge of the blade 2 mm below the 
top of the slot. The gland was carefully held in microforceps and drawn 
across the edge of the blade. Incubations with collagenase, trypsin and 
EDT A-soybean trypsin inhibitor were performed in sequence as pre-
viously described [1] but with times of 15 min, 30 min and 5 min 
respectively. After incubation the digest was treated in the following 
manner. The cell suspension was ftltered through a 50 I'm nylon screen 
(Tetko: NITEX, HC-3-48) to remove undigested tissue. The nylon 
screen was held in a small funnel constructed from KONTES 0 -ring 
connectors. The lower part consisted of a CHROMAFLEX adapter 
(KONTES: K-422371) with the fritted disc removed and a piece of 
rubber tubing attached to the Luer outlet so that it could be closed 
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with an artery forceps. With the 0-ring in place on the adapter, the 
nylon screen was then placed over this. The upper part consisted of an 
0-ring connector (KONTES: K-671750) cut to a tube length of about 5 
em and held in place over the screen with a joint clamp (KONTE : K-
675000). 
The filtered cell suspension was collected in a tube kept in an ice-
bath. When aU the suspension had filtered through the screen, the 
funnel outlet was closed with the artery forceps and 1-2 ml of ice-cold 
Hank's solution added to the ftlter to cover the residual gland tissue. 
The residual tissue was gently rubbed, using a glass rod with a flattened 
end, against the nylon screen to liberate cells adhering to the tissue. 
The forceps were then opened to allow the suspension of liberated cells 
to ftlter through. This process was repeated twice. The combined cell 
suspension was then ready for cell separation. 
Cell Separation 
The complete cell separation procedure is illu trated in Fig 1 and 
consists of a primary separation procedure followed by isopycnic cen-
trifugation. 
Primary separation: The cell uspension from the digestion process 
was centrifuged at 55 Xg (SorvaU RC-5 centrifuge; HB-4 rotor; 700 rpm; 
5°C) for 5 min. After centrifuging, the layer of floating cells (Fl ; Fig 1) 
was removed for harvesting, the supernatant transferred to a clean 
centrifuge tube, and the pellet left behind. Sufficient 30% albumin 
(Sigma Chemical Co; A5003; contains 0.1% sodium azide) was added to 
the supernatant to give a [mal concentration of 5%, the solution 
thoroughly mixed and centrifuged at 110 Xg (1000 rpm; 5°C) for 10 
min. This procedure displace the cells from the suspension: the lighter 
cells float to the top, the denser cells form a pellet at the bottom, while 
the supernatant contains subcellular debris only. This second crop of 
floating cells (F2) was removed for harvesting and the supernatant 
discarded. The two cell pellets were combined for isopycnic centrifu-
gation. 
Isopycnic centrifugation : Metrizamide solutions were prepared by 
dissolving the appropriate weight of Metrizamide A (Accurate Chemical 
Co) in Hank's solution and determining the density gravimetrically in 
a Moore-Van lyke density bottle (FISHER: 2 ml). To form the 
gradient, 1 ml ice-cold 35% w/v Metrizamide was pipetted at the bottom 
of a 12 ml polycarbonate centrifuge tube; this serves as a "cushion." 
Over this 2 ml of 30% Metrizamide was then carefully layered. The 
combined cell pellets from the primary separation were suspended in 2 
ml 25% Metrizamide and carefully layered over the 30% Metrizamide. 
The gradient was completed by layering, in sequence, 2 ml each of 15% 
and 10% Metrizamide and 1 ml Hank's solution over the cell suspension 
(Fig 1). The gradient was then centrifuged at 1800 xg (4000 rpm; 5°C) 
for 30 min. Bands of cells (labeled B I to B5 starting with the top, least 
dense, band) collected at the interfaces of the gradient (Fig l) and were 
collected as previously described [1]. The material in the "cushion" 
layer consisted of clumps of cells and other debris and was discarded. 
The separated cell suspensions were kept in an ice-bath until required 
for the assays. 
Cell Harvesting 
In harvesting the cells, separated a described above, centrifugation 
procedures were avoided and the method varied according to the assay 
subsequently performed. Thus cells for protein assay were harvested 
by collection on polycarbonate membranes (Bio-Rad Laboratones: 
UNIPORE: 3 !J.m: 25 mm diameter), while cells for lipid analyses were 
harvested on Whatman GF/ C (2.4 em) glass fiber filters. Cells used for 
isotope incorporation studies were not subjected to a harvesting pro-
cedure. To each cell suspension from the gradient, one-third of its 
volume of 40% FicoU was added to a fmal concentration of 10% FicoU. 
This suspension of cells was then used for the incorporation assay and 
the Metrizamide present did not appear to interfere. 
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FIG I. Flow diagram showing the method of cell separation. The 
densities of the Metrizamide solutions were: 10%, 1.058; 15%, 1.085; 30%, 
1.165; :35'1, 1.191. The cell suspension contained albumin and Hank's in 
addition lo the 25'l Metrizamide and the density of the resulting 
suspending medium was found to be 1.129. 
Ltght Mtcroscopy 
This was performed as previously described [I] with one modifica-
tion. ells for diameter measurements were stained with malachite 
green (0.1~) instead of toluidine blue, and diameters were measured as 
previously described [1] or as follows. Photomicrographs were taken on 
color slide ftlm at a magnification of X 100 diameters. The color slides 
were then projected on a screen (total magnification x500) and the 
diameters of the cells measured with calipers. 
Chemtcal and Biochemical Procedures 
Protein was determined by a modified Lowry et al [2] procedure. 
The polycarbonate membrane, on which the cells had been collected, 
was soaked in 2N NaOH for at least l hr to solubilize the proteins. The 
reactiOn was then completed by the addition of carbonate-copper 
solution and Folin's reagent as in the standard procedure for protein 
precipitates [3]. 
Lipids were extracted from the cells by the following modification of 
the method of Vorbeck and Marinetti (4]. The GF/C filter containing 
the collected cells was placed in a glass stoppered test-tube, 1.5 ml 
chloroform-methanol (2: l) added, the tube stoppered and heated at 
60"C for 20 min. The extract was decanted into a clean tube, the filter 
washed 3 times with 1 ml chloroform-methanol and the washings added 
to the extract. The extract was evaporated at 70"C under N2 and taken 
to dryness by the addition of 0.25 ml benzene-ethanol (4:1) in the 
manner described by Vorbeck and Marinetti [4]. The residue was 
extracted 3 times with l mJ hot chloroform, the extract ftltered through 
a fritted glass filter, taken to dryness under N2 and the last traces of 
solvent removed in a vacuum desiccator. The extracted lipids were 
dissolved in a measured volume of chloroform and aliquots taken for 
total Lipid assay and lipid class analysis. Total lipid was determined by 
a modified Bloor [5) procedure in which 5-100 ~lipid was treated with 
100 11! Bloor-Nicloux reagent at lOO"C for 15 min. The reaction mixture 
was cooled, diluted with 5 ml water and the 0.0. read in a spectropho-
tometer at a wavelength of 400 nm. Lipid class analysis was performed 
by the method of Downing [61 modified as previously described (1]. 
Rates of incorporation of amino acids into proteins were performed 
as previously described (1] on cell suspensions in 10% Ficoll, and 
incorporation rates of acetate into lipid were determined by the follow-
ing procedure. Cells (0.5 X LO") in 0.5 ml 10% Ficoll were incubated 
with l 11Ci "C-acetate (Amersham- earle) for 2 hr at 37"C with gentle 
shaking (100 rpm; gyro-rotary shaker bath) . The cells were then col-
lected on a GF /C ftlter and the filter heated with 1.5 ml chloroform-
methanol as described in the lipid extraction procedure. The tube must 
be tightly stoppered during this heating process to avoid solvent loss. 
The extract was then decanted into a graduated centrifuge tube, the 
filter washed 3 times with l ml chloroform-methanol-water (20:10:1) 
and the total extract made up to 5 mi. Sodium acetate solution (1 ml; 
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0.5%) was then added and the solutions thoroughly mixed. The ph~ 
were separated by centrifuging (2000 rpm; 23"C) for 5 min, the uppe 
phase discarded and the lower phase washed three times with Folc~ 
[71 upper phase (prepared with 0.5% sodium acetate as the salt solu' 
lion) . The washed lower phase was transferred loa scintillation vial fo . 
radioactivit.y assay. ~ radioactive counting was performed as previ~ 
ously descnbed (1] usmg Aquasol (New England Nuclear) as scintilla. 
tor. 
RESULTS 
Disaggregation Procedures 
Careful treatment when handling the mouse preputial glan~ 
~as already been emphasized, as .has ~he need to expose th~ 
mner surface of the gland to the dtgestlve enzymes [1). Simpl~ 
cutting of the gland, however, did not prove adequate since ~ 
exposes little of the inner surface and a more complicateq 
procedure was developed .to expose as much a~ possible of th~ 
inner part of the gland wtthout unduly damagmg the gland ~ 
the cutting process. The need to mechanically liberate the ce~ 
after digestion was not previously appreciated [1) and was on 
of the reasons for the low yields formerly obtained. Combin~,t 
the digested tissue with a specially constructed wire comb, " 
technique used successfully for the isolation of parenchymal 
liver cells [8), caused considerable cell destruction and w% 
useless. The most successful procedure was found to be gently 
rubbing the di~ested t~ue against t~e nylon screen. T~ 
procedure requued constderable practice before good yield 
were achieved, but eventually yields of 2.04 ± 0.55 X 108 cellst 
gm tissue were obtained in a series of 26 experiments. The 
cells had a viability of 63.2 ± 10.5%. 
Separation Procedures 
Attempts to separate the cells on the basis of cell diameter 
by passage through a series of graded nylon screens, were not 
successful and work centered around the development of iso, 
pycnic centrifugation techniques. One pitfall experienced in th~ 
development of these procedures was the tendency of the ce~ 
to reaggreg~te into ~lumps. Such clumps b~haved anom~ously 
in the denstty gradients. The cells used m these studtes ar~ 
freshly isolated from tissues and the surface proteins, respon, 
s ible for holding the cells together in the parent tissue, are still 
present. This property of the cells to reaggregate was studied. 
It was found that in the original suspension, while EDT A and 
soybean trypsin inhibitor were still present, the undisturbed 
cells showed little tendency to reaggregate. Mechanical agita. 
tion and especially centrifugation enhanced the rate ofreaggre. 
gation. The higher the speed of centrifugation, the more rapid 
the reaggregation. It was found that reaggregation could be 
kept at a minimum by rendering the cells metabolically inert at 
temperatures 0-5°C and by centrifuging, when unavoidable, at 
the lowest possible speed. Round-bottomed centrifuge tube 
were used in preference to tapered ones since the use of the 
latter resulted in a compact mass of cells which could be 
dispersed only with difficulty. The addition of urea to a concen-
tration of 0.25 M, which has been found to retard the reaggre-
gation of liver parenchymal cells [9), had no effect on the 
preputial gland cells. 
Centrifugation of the cell suspension obtained from the en-
zyme digestion results in a layer of mature cells and lipid 
droplets at the top of the tube, cells and debris in the super. 
natant, with the rest of the cells in the pellet at the bottom of 
the tube. The cells in the supernatant can be displaced bv 
centrifuging at high speed but, for the above reasons, this mwt 
be avoided. The 2-step procedure was introduced to pennit 
retrieval at lower speeds. The addition of the albumin both 
displaces the suspended cells and protects them permitting a 
slightly higher centrifugation speed to be used. The resulting 
two pellets could then be combined for the isopycnic centrifu-
gation. 
tudies of the use of the Ficoll gradient for the separation of 
normal cells continued. Previously we had shown [1) that th~ 
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gradient developed for the separation of tumor cells was unsat-
isfactory due to the greater fragility of the normal cells. Reduc-
tion of centrifuge speed from 5000 to 1000 rpm (110 xg) and 
lower Ficoll concentrations improved recovery sufficiently to 
permit the preliminary data already described [1) to be ob-
tained. This gradient still gave poor recoveries, less than 50%, 
and extensive modifications were made in an attempt to im-
prove this recovery. Further reduction of centrifuge speed to 
400 rpm ( 18 xg) and even lower Ficoll concentrations improved 
recovery but gave poor separation. The introduction of a "cush-
ion" [8] of dense Ficoll at the bottom of the centrifuge tube 
gave better recoveries and these were improved still further if 
the cells were introduced higher up in the gradient (cf Fig 1) . In 
this gradient the denser, less fragile, smaller cells move down-
wards while the more fragile, larger cells, float upwards and, at 
the same time, the cell suspension is exposed to a lower initial 
centrifugal force. It was found that with this gradient, Ficoll 
concentrations and centrifuge speed could be increased while 
maintaining good recovery. At a speed of 2000 rpm (450 xg; 30 
min) recoveries were 70.3 ± 18.7% (n = 10), and gross morphol-
ogy indicated fair separation. Careful evaluation of the sepa-
rated cell populations by biochemical procedures showed, how-
ever that only partial separation had been achieved. While the 
cells' in bands B1 and B2 (cf Fig 1) showed satisfactory separa-
tion those in bands B3 to B5 did not. It thus became apparent 
that' the basic problem of the Ficoll gradient was the high 
viscosity of the solutions. The high centrifugal force necessary 
to drive the cells through this medium to equi}jbrium resulted 
in so much cell destruction to make the procedure useless. This 
problem was solved by changing to !"fetr~de as t~e gradient 
medium. It was found that with this medium, centrifuge speed 
could be increased to 4000 rpm (1800 xg) while maintaining 
good recovery, 67.4 ± 12.4% (n = 10) . 
Physical Characteristics and Handling Procedures 
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Biochemical Characteristics of Separated Cells 
Selected biochemical assays were performed on separated 
cells and the results, based on our experience with tumor cells, 
used as criteria of successful separation. 
(a) Floating cells: Morphologically the two populations of 
floating cells, Fl and F2 (Fig 1), appeared similar with a mean 
diameter and range of the same order. In population Fl, how-
ever, the presence of anuclear squama-like "cells," similar to 
those described in our tumor cell studies [1), was observed. 
Such "cells" would be ignored in cell counts but nevertheless 
would contain significant amounts of protein. In addition there 
were numerous lipid droplets present along with population F1 
cells, and we were unable to remove these completely during 
cell harvesting. These lipid droplets also appeared to carry up 
with them an occasional smaller cell. The squama-like "cells," 
smaller cells and lipid droplets were not observed in population 
F2 cells. Hence population Fl can be regarded as a less pure 
population than F2. The lipid and protein content of Fl cells 
(see Table I) appears markedly higher than that of F2 cells and 
the incorporation rates of protein and lipid are also significantly 
higher. For most studies, therefore, it is probably better to 
discard the cells of population Fl until techniques can be 
devised to purify this cell population. The data on F2 cells 
indicate that the large mature floating cells have reached a 
-= 
.. 
v 
Yields of separated cells from the glands of a single mouse ~ 
ranged from 0.1 x 106 for floating cells to 1.0 x. 106 for band B! ·;: 
cells (Fig 1). Since most assay procedures requrre about 1 X 10 -~ 
cells, several mice, usually 5 or more, were needed_ for e~ch ~ 
series of assays. The viability of the cells after separation vru:ed '1:/l 
but was usually 80% or more. The cells showed po?r survival 
on incubation at 37°C in Hank's solution; not only dtd the cells 
Hank's 
die but, due to their fragi}jty, they rapidly disintegrated result-
ing in a marked decrease in both the total number of cells as 
well as the proportion of viable to non-viable c~lls .. Use. of 
enriched medium, e.g. Eagle's medium, resulted m little t.m-
provement, but the addition of Ficoll to give a fin~ concen~a­
tion of 10% protected the cells and permitted satisfactory m-
cubations for periods up to 2 hr (see Fig 2). . . 
To avoid cell destruction and reaggregation, centrifugatiOn 
was avoided for harvesting the separated cells. 1':1 all cases the 
cells were harvested by collection on appropnate ftlters or 
membranes. Studies were made using teflon, nylon, cellul?se 
acetate and polycarbonate membranes both for the collection 
artd retrieval of cells. Polycarbonate membranes prove~ most 
satisfactory for cell collection, but in no case was tt posstble to 
achieve satisfactory retrieval of the cells from the membranes. 
Teflon and polycarbonate were best, but retrieval was le~ ~an 
30%. Assays were, therefore, performed on the ce~ m sttu. 
Attempts to perform isotope incorporation studies wtth cells on 
either polycarbonate membranes or glass fiber filters were 
unsuccessful since free diffusion of the labeled precursor ap-
peared to be restricted. For such ~tudies ~tisfactory ~esults 
were obtained when the cell suspenston was mcubated wtth the 
labelled precursor in the presence of 10% Ficoll. At the end of 
the incubation period, the cells were collec_ted _on gl.ass fiber 
filters for radioactivity assay. Satisfactory m setu procedures 
were, however, developed for the assay of protein, by the Lowry 
procedure, and for lipid assays. The former used polycarbonate 
membranes while the latter used glass fiber fLlters. 
2 3Hr 
Ftc 2. Survival of mixed ceUs from the preputial glands when incu-
bated in the presence and absence of Ficoll. Incubation was performed 
at 37•c with gentle shaking (100 rpm; gyro-rotary shaker). Data points 
are for viable cells only. 
TABLE I. Biochemical characteristics of floating cells 
% Total cells 
Mean diameter (J.l!Tl) 
Apparent densityc 
Protein content (pg/cell) 
Lipids 
Total (pg/ cell) 
Waxes (% tot.allipid) 
Wax/sterol ester ratio 
Incorporation rates 
Protein (dpm/106 cells/hr) 
Lipid (dpm/10" ceUs/hr) 
• Mean and SO (n ~ 10). 
Population 
Fl 
3.5 ± 1.2" 
21.6 ± 3.8b 
0.960 
417 ± 94" 
9640 ± 4360" 
65.4 ± 3.zi 
23.3 ± 5.2'1 
4,200' 
5,650' 
F2 
3.4 ± 1.1" 
21.1 ± 3. lh 
0.980 
155 ± 6zi 
2230 ± 960" 
63.4 ± 2.3" 
22.2 ± 9.7" 
440' 
140' 
h Mean and SD of a single population. 
c This is the average of the den ity of the medium below the layer of 
cells and the density of sebum (0.910) . 
" Mean and SO (n = 3) . 
• Average of 2 experiments. 
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TABLE II. Biochemical characteristics of cells separated on Metrizamide gradient 
Population 
BI B2 B3 B4 B5 
,., Total cells 4.1 ± 1.5" 10.6 ± 5.0" 26.8 ± 8.9" 29.5 ± 4.3" 20.1 ± 7.2" 
Mean diameter (l.lm) 19.2 ± 4.1• 15.2 ± 3.3• 13.2 ± 2.7• 11.8 ± 2.8• 9.0 ± 1.7h 
Appa rent denstty' 1.032 1.072 1.107 1.147 1.178 
Protein content (pg/cell ) 262 ± 91" 150 ± 27" 136 ± 24" 103 ± 24" 82 ± 15" 
Lipids 
Total (pg/cell ) 1071 ± 340'" 218 ± 82' 121 ± 31. 85 ± 24' 41 ± 13' 
Waxes(~ total lipids) 60.4 ± 2.41 37. 1 ± 2.6' 28.5 ± 1.3' 8.9 ± o.sr 7.1 ± 1.6' 
Wax/sterol ester ratio to.5 ± o.sr 3.7 ± 0.8' 2.1 ± 0.2' 0.4 ± 0.11 0.3 ± 0.031 
Incorporation rates 
Protein (dpm/10" cells/hr) 111 ,620" 38,910" 7,465" 47,850" 134,370" 
Lipid (dpm/10'' cells/hr) 11 ,860" 36,420" 13,350" 9,600" 4,150" 
" Mean and SO (n = 10). 
1
' Mean and SO for a single population. 
' Thts is the average of the densities of the media above and below the band. 
" Mean and SO (n = 3) . 
·· Mean and SO (n = 4) . 
1 Mean and AD (n = 2). 
11 Average of 2 experiments. 
relatively low state of metabolic activity with high lipid content. 
The wax content of the lipids is high as is the ratio of waxes to 
sterol esters. 
(b) Cells separated on Metrizamide gradient: On the basis 
of both morphological and biochemical criteria, successful sep· 
a ration appears to have been achieved with this gradient. The 
average cell diameters fall progressively from populations B1 
a nd B5, as does the protein and lipid content (Table II). Both 
the wax content of the lipids and the wax/sterol ester ratio also 
fall progressively. The component lipids, when plotted against 
apparent cell density (Fig 3), show convincing relationships. 
Thus the wax content shows an almost linear inverse relation-
ship to cell density. The free fatty acids, free sterols and 
phosphatides increase progressively with cell dens ity. Sterol 
esters show a irnilar progressive increase up to cells of popu-
lation B4 but then there is a drop with the B5 population. In 
contrast, triglycerides increase at first , reaching a peak with B3 
cells a nd then declining. The incorporation rate for lipids (Table 
Il ) reaches a peak with population B2 cells, while the incorpo-
ration rate for proteins decreases from populations B5 to B3 
but then increases again for populations B2 and B l. 
We consider a ll these various criteria to be convincing evi-
dence for successfu l cell separation. 
(c) Ltpid and protein changes during differentiation: In our 
study of tumor cells [1], we observed that both the lipid and 
protein content of the cells increased as the cells differentiated, 
the rate of increase being of about the same order of magnitude. 
Our studies on normal cells show (Fig 4) that while the rate of 
increase is similar in the earlier stages of differentiation, the 
rate of increase of protein falls off as the cells become more 
highly differentiated. This would be anticipated since it has 
been observed* that the final secretion of the mouse preputial 
gland contains no protein. We would thus expect the proteins 
formed in the earlier stages of differentiation to be broken down 
as t he cell reaches maturity. 
Cha nges in the composition of the lipids as the cells differ-
entiate were also observed with tumor cells [1] and similar 
changes have been observed with normal cells (Fig 3). These 
changes are of an even greater magnitude than those observed 
• Wheatley, unpublished. A comparative study of the composition of 
the mouse and rat preputial gland secretions is currently in progress. 
T he secretion of the mouse is a pale yellow oil containing no protein or 
obvious cell debris while that of the rat is a while paste-like material 
containing some 20<ll protein. The rat secretion contains appreciable 
amounts of squalene while there are only traces in the mouse secretion. 
Neither secretion appears to contain significant amounts of triglycer-
ides, the glycerides present in both appear to be predominantly 0 -alk-
1-enyl diacyl glycerols. 
with tumor cells. Thus with tumor cells the wax content of the 
lipids was always less than 10% while the wax/sterol ester ratio 
fell in the range 0.1-0.3. In contrast the mature normal cell 
lipids have a wax content of more than 60% (Table I) and a 
wax/sterol ester ratio greater than 20. In spite of these dramatic 
changes in lipid composition, the absolute amounts of each 
component show progressive increases as the cell differentiates 
(Fig 5). The one exception is the triglycerides which increase at 
first but then start to fall as the cell reaches maturity. This was 
anticipated since the secreted lipid has been found to contain 
little, if any, triglycerides. * 
DISCUSSION 
Improved disaggregation procedures have enabled us to in-
crease yields of cells from normal preputial glands by almost an 
order of magnitude from 3 X 107 cells/g tissue [1] to an average 
of 2.04 x 108 . This has been achieved by an improved cutting 
procedure and by careful mechanical liberation of the cells after 
digestion. Improved cell separation techniques were more dif. 
ficult to achieve. Handling cells at low temperatures was intro-
duced to prevent reaggregation of cells, but extensive modifi. 
cations of the Ficoll gradient procedure failed to achieve suc-
cessful cell separation. In our studies of tumor cells [1 ], sucrose 
gradients were first tried but were found to be much inferior to 
FicoU gradients. Since Ficoll solutions are much more viscous 
than sucrose solutions, it was thought that this viscosity was 
helping to prevent cell destruction by causing the cells to float 
up slowly through the gradient. This interpretation proved 
fallacious and it was not possible to achieve successful separa-
tion until we replaced Ficoll with Metrizamide as the gradient 
medium. 
The fragility of the normal gland cells necessitated the de-
velopment of special handling procedures. In general it proved 
undesirable to pelletize cells, hence harvesting procedures uti-
lizing membranes or glass fiber fllters had to be used. The 
survival of the cells during assay procedures involving incuba-
tion could be improved by the addition of Ficoll to the incuba-
tion medium. It thus proved possible to develop suitable assay 
procedures whereby to study these cells. 
Using these procedures we have been able to confmn the 
dramatic changes in the composition of the cellular lipids seen 
as differentiation progresses. We have also found that while the 
protein content of the cells increases in the early stages of 
differentiation, it does not-continue to do so in the later stages. 
This decrease was not observed in our studies of tumor cells 
[1]. The tumor cells, however, fail to differentiate into the large 
mature cells found in the normal gland. The rates of incorpo-
ration of amino acids into proteins do not always parallel the 
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FIG 3. Differences in the cellular lipid compo ition for cell popula-
tions obtained using the Metrizamide gradient. Data points represent 
the mean of 2 separate experiments. 
increase in cell protein content. Unexpectedly high rates were 
observed in cells from bands B1 and B2. This may be due to 
rapid synthesis of small amounts of special proteins, e.g. specific 
enzymes, or alternatively some proteolysis is taking place. In 
either case there would be only a small change in total cell 
protein. The situation is a complex one with protein synthesis 
and degradation, particularly that of enzymes, changing as the 
differentiation process progresses. 
The increase in total cellular phosphatides (Fig 5) requires 
some explanation since it is known that phosphatides are absent 
from most sebaceous secretions (10] and hence a decrease might 
be anticipated as the cells differentiate. However, it must be 
realized that the sebaceous cell is undergoing a complex differ-
entiation process which is accompanied by a large increase (up 
to 100 times [11)) in size. For a sphere to increase in size from 
7.5 to 25 p.m (an increase in volume of only 37-fold), the surface 
area must increase some eleven times. Hence, unless the plasma 
membrane of the undifferentiated cell is very highly crenated, 
considerable synthesis of plasma membrane and, indeed, of 
other membranes will occur as the cell grows in size. Pho phs-
tides are major membrane lipids, hence this teady increase in 
phosphatides. In the terminal lytic process, as the cell disinte-
grates to form sebum, these phosphatides would be decomposed 
and would not form part of the secretion. 
Evaluation of the success of separation procedures was made 
on the basis of both morphological and biochemical criteria. It 
was observed, however, that biochemical criteria could replace 
painstaking morphological studies. Thus both the wax content 
and the wax/sterol ester ratio increase progressively as the cells 
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FIG 5. Differences in absolute amounts of lipid components in cells 
of different densities. Data points represent the mean of 2 separate 
experiments. • Includes both alkyl and alk-1-enyl diacyl glycerols. 
differentiate. Failure to achieve low values for these two param-
eters was the fl.fSt indication we had of the Jack of successful 
separation in the Ficoll gradient and led us to use Metrizamide. 
As with tumor cells, we have not been able to separate undif-
ferentiated from early differentiating cells. The reason for this 
is unclear at present and some possible explanations have been 
suggested in our previous paper (1). By extrapolating the data 
in Fig 3 and 5 we can, however, make certain predictions 
concerning the undifferentiated preputial gland cell. It would 
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probably have a diameter of about 7.5 p,m, a mass of 200 
picogram and a density of 1.17t. It would contain no waxes and 
little, if any, sterol esters, the major lipids being triglycerides, 
free fatty acids and membrane lipids (phosphatides, free sterols 
and alkyl acyl glycerols) . Trus projection can serve as a basis 
for the design of further separation procedures. 
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